INTRODUCTIOPU'
The wide popularity of micro and semimicro quantitative organic procedures is undoubtedly to be attributed to their timesaving features more than to any justification based on limited availability of sample; this factor has been well discussed by HALLETT l. With respect to all typical analytical operations with the possible exception of weighing (dissolution of the sample, evaporations, filtration and washing, drying or ignition, etc.) the same favorable time emparisons would seem to apply to inorganic procedures. The approximate figures recorded in Table I emphasize this point. Reduced-scale techniques, howe\*er, have only been applied te inorganic procedures in relatively isolated instances. This discrepancy in practice appears to rest in large part_ on a rather fundamental difference between organic and inorganic analytical problems; whereas both macro and micro organic procedure tends to fall in the "unitoperations" category, "multiple-operations" involving six or more samples are conventional in inorganic practice. Accordingly, while the microchemist may well boast that his micro-drying-block will dry a precipitate in only 15 minutes whereas 30 to 4o minutes are required in a conventional drying oven, it is also true that six samples would require six times 15 minutes of his time against only 35 minutes with a drying oven. Nor does his salvation lie in obtaining six dryingblocks, since it would require much more than 15 minutes to place six microbeakers and filtersticks into position, adjust the temperature of each block, regulate the suction devices, etc. The situation just noted applies as well to other operations. Thus, while a single "filter-paper and funnel" macro filtration is a rather slow and inefficient process, very Ziulc addiliatral rime is involved when a rack of six funnels is handled at one time. Hence the situation evidenced in Table I , which is based upon a tin& sample, no longer holds true when two or more samples are considered. Taking In general, one may conclude that two or more samples may be handled as efficiently by macro-as by microscale techniques. Much time, unfortunately, has been devoted to devising microapparatus which will accommodate a single determination. Water baths, filter assemblies, drying devices, etc., are more often than not designed to hold a single micro beaker (see, e.g., the excellent and extensive descriptions of microanalytical ware in p. 4 to 145 of HECHT AND DONAV~).
Practical inorganic work involving six or more samples is nevertheless possible employing a semimicro scale and enjoying an appreciable saving of time over macro practice. Selected gravimetric, volumetric, and electrolytic procedures using samples of 23 to 62 mg are discussed from the standpoint of time-required and accuracy-obtained.
EXPERIMENTAL
All weighings were performed on an Ainsworth keyboard type TCX semimicro balance. Weights were recorded to the nearest 0.005 mg, and the reproducibility of the balance using this practice was found to be plus or minus 0.01 mg. The "flannel and chamois" wiping technique was not employed in the case of the VOL. 5 (1931) one low-temperature drying form used; its omission, however, results in only a small saving in time since its inclusion somewhat shortens the time required for cooling prior to weighing (see, e.g., p. 192 BENEDEITI-PICHLER*).
Earlier experiments by the author using glass vessels of 7 to 8 grams mass and a microanalytical balance, indicate that a weight-reproducibility of between 0.008 and 0.011 mg is attainable without employing the wiping technique provided that a dryingtemperature reproducibility of plus or minus 3" C is maintained. The simplification is therefore justified for most semimicro work. Electrolyses were conducted in the CLARK AND HERMANGE cell4 employing air stirring and a conventional power source. Since only two cells and two pair of electrodes were available, only two electrodepositions could be conducted at one time. This situation, however, does not differ from the custom in macropractice except for rather special installations.
Six or eight small vessels may be dried very conveniently in the compact hot-plate type of oven (Fisher
200' thrmomerw
Micro Dome Oven), consisting of a thermostatically controlled hot-plate bearing a glass shelf and larger insulalrd handle glass cover (Fig. 2) . The availability of several such devices in the laboratory will permit concurrent work O/OH be// . with determinative forms requiring a variety of drying temperatures.
Tgnitions were conducted in a (Temco Model GRP) using porcelain ignition capsules to seat the crucibles. The employment of a "small" muffle has the particular virtue that the requisite temperatures are more quickly attained.
0.05ooo normal potassium bichromate solution was made up and used at 25" C. Calibrated burets of IO x 0.02 or 5 X 0.01 ml capacity were used. A silver reductor of reduced size was found convenient (Fig. 3 ). For convenience, samples for the two graVimetric determinations were dispensed by gravimetric-dliquoting of a standard solution of known weight-percent composition. This could be done with sufficient accuracy by weighing to the nearest 0.5 mg on a conventional analytical balance. 
Procadure
A sample of 20 to o mg is weighed into a clean 8 ml platinum crucible and treated with 0.5 to 0.6 ml o cont. hydrochloric acid and 6 or 7 drops of hydrofluoric acid. 1 The mass is warmed gently until it is reduced to c. 0.1 ml volume. If dissolution of the sample appears to progress satisfactorily with this treatment, 2 ml of x:x hydrochlorrc acid are added and the solution is transferred to a 30 or 50 ml beaker while washing generously and diluting finally to 10 ml volume. If the sample is incompletely attacked with acids, the mass is taken to dryness, 0.5 g of anhydrous sodium carbonate is added, and the whole fused to a clear melt. The cooled crucible is treated in a covered IOO ml beaker with 8-10 ml of hot water, adding cont. hdrochloric acid dropwise until the mass is dissolved and the alkali neutralized. T z e crucible is rinsed and withdrawn, 3 ml of I:I hydrochloric acid are added to the beaker and the volume adjusted to 15 ml. Unless the reductor contains acid from a previous pass, the followmg solutions are Erlenmeyer flask; (excess water in reductor, g assed in order and collected in a 50 ml iscarded), 5 ml of XOO/~ HCl the sample solution in x00/~ HCl, a 5 ml rinse of the sample vessel with 1o0/, HCI, a second 5 ml rinse with 10% HCl, 5 ml additional of HCl to rinse the reductor! (IO to 15 ml of water to fill the reductor unless a succeeding determination follou s nnmediatelyl. Two ml of syrupy phosphoric acid and 1 drop of 0.2% sodium diphenylamine sulfonate indicator solution are added. The solutron is titrated slowly with 0.05 IV bichromate until near the end point, when an additional drop of indicator solution is added. and the titration concluded, A gross blank-correction (for reagents, indicator, and reductor) of from 0.03 to 0.05 ml was always found for the conditions cited. This, of course, should be individually established and will be slightly larger when the carbonate fusion is required.
Typical results by this procedure are given in Table II . A 5 ml buret was used in the case of the first two samples. Fusion was employed in the case of the Crescent and the Sibley ores. The precision and accuracy of the technique can be seen to compare very favorably with macro practice, There is some justification for concluding that the inferior precision in the case of the sample labelled "slag" is due to poor sampling and heterogeneity (the material was ground only to do-mesh size). Six acid-soluble samples could be processed in seventy minutes inclusive of weighings.
GRAVIMETRIC CHLORIDE AND ZINC
The standard gravimetric procedures of chloride as the silver salt and zinc as the pyrophosphate were selected as common and typical cases for study. Attention was focused on the time required and precision obtained in the basic "determination" only, without regarrl for preliminary separation techniques. Samples were taken from carefully standardized solutions of sodium chloride in 0.1% nitric acid and zinc sulfate in I*/~ sulfuric acid. The treatment of six chloride samples required about 60 minutes, while six zinc samples were processed in about 1x0 minutes inclusive of the digesting and cooling periods (which time, of course, may be used in part for other work). It is felt that these times represent a considerable improvement over the comparable case in macro work. The precision and accuracy of the results obtainable leave little to be desiied as is evident from the data given in Table III . The bottom cock is opened slight y, allowing the electrolyte to drain into a convep" nt electrolyte is to be saved for further work). nient vessel, while washing generously from above with dlstilled water. As much as 4 o-50 ml may well be employed for washing unless the electrolyte is required for urther work. In any case, the electrodes must be completely covered with pure water before the current is broken: the plated electrode is then removed at once to an external container of disti1Xed water. The electrode is then washed in ethanol followed by ether and dried for 5 min in an oven at c. go-x xo°C. "Flaming off" the ether or warming directly over a burner should never be resorted to. Cooling for 5 min, either suspended in air or resting on a metal cooling block, suffices. The electrode is then suspended from the central hook of the balance pan and the final weight taken after another 5 min. Brass weights make satisfactory tares; but, in view of the long-range weight-constancy of platinum ware, it is convenient to prepare a permanent tare of heavy platinum wire for each electrode used. 
